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ABSTRACT: 


A  lightweight,  adjustable,  apparatus  has  been  designed  to  standardize  and 
advance  the  technology  for  chronic  cannula  implantation  in  Capra  licrus  (goats) . 
The  adapter  facilitates  cannula  implanation,  improves  surgical  procedures  and 
enhances  the  probability  of  successful  cannulation  with  minimal  risk  to  the 
animal.  This  report  describes  the  design,  construction  and  specifications  of  the 
apparatus . 
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INTRODUCTION 


An  appauratus  has  been  designed  to  standardize  and  advance  the  technology  for 
chronic  cannula  implantation  in  Capra  lircus  (goats) .  Cannulas  have  been 
permanently  implanted  in  the  lateral  ventricals  and  cisterna  magna  of  goats 
following  the  technique  described  by  Pappenheimer  et  al.  (1).  Research  has  been 
directed  at  changes  in  composition  of  the  cerebrospinal  fluid  (CSF)  surrounding 
the  chemoreceptors  for  explaining  environmental  (hypobaria)  adaptive  changes  in 
pulmonary  ventilation  (2-5) .  The  apparatus  is  designed  to  provide  an  accurate , 
safe  means  of  continuous  perfusion  of  synthetic  CSF  through  ventricular  cannula 
and  sampling  actual  CSF  through  the  cisteral  cannula  of  unanesthetized  goats. 

While  the  preparations,  operative  procedures,  and  research  applications  have 
been  described  earlier  by  Pappenheimer,  it  is  the  purpose  of  this  report  to 
outline  the  design,  construction  and  specifications  of  the  apparatus.  The 
device  facilitates  cannula  implantation,  standardizes  surgical  procedures  and 
enhances  the  probability  of  successful  surgical  cannulation  with  minimal  risk  to 
the  animal. 


MATERIALS  AND  METHODS 


Four  research  studies  were  performed  using  the  specialised  instruments  for 
cannula  implantation  (2-5) .  These  studies  successfully  utilised  the  apparatus 
described  below  for  chronic  cannula  implantation  and  CSF  sampling  in  goats.  The 
principal  items  of  the  apparatus  described  are:  1)  the  nylon  guide  tubes 
(cannulas)  implanted  above  the  dura  and  in  the  cisterna  magna  just  above  the 
ependymal  linings  of  the  lateral  ventricles  and,  2)  a  needle  adapter  to  expedite 
dura  puncture  for  CSF  sampling  are  detailed. 

IMPLANTATION  OF  THE  CISTERNAL  GUIDE  TUBE:  Prior  to  implantation  of  the 
cisternal  cannula,  a  hole  is  trephined  down  through  the  base  of  the  occipital 
bone  overlying  the  dura  mater  above  the  foramen  magnum  (1) .  A  channel  is 
rongeured  from  the  base  of  the  hole  dorsally  to  the  nuchal  crest.  Two 
orthopedic  (stainless  steel)  screws  are  placed  on  each  side  of  the  channel  with 
a  third  placed  on  the  rostral  end  of  the  nuchal  crest.  The  cisterna  magna 
cannula  is  machined  from  a  solid  piece  of  .375  in  diameter  nylon  dowel  (Micro 
Group  Inc.)  and  placed  into  the  channel  allowing  the  45^  angle  cut  of  the 
cannula  foot  to  lie  directly  on  the  dura  mater  (Fig.  lA) . 
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Gel  foam  (Upjohn  Co.)  is  used  to  protect  the  dura  prior  to  the  application 
of  the  Bore  permanent  dental  acrylic  (Hygenic  Dental  Ufg.  Co.,  "Perm").  The  gel 
foam  is  later  reabsorbed  by  the  tissues.  The  dental  acrylic  is  poured  around 
the  cannula  and  over  the  screws  used  for  anchoring  the  resin.  A  stereo-taxic 
device,  described  by  Fappenheiner  (1),  supports  the  cannula  until  the  dental 
acrylic  has  been  cured.  The  cannula  is  designed  with  circumferential  grooves 
and  a  flat  surface  on  one  side  to  prohibit  rotation  and  longitudinal  movements. 
After  the  acrylic  has  set  (15  minutes) ,  the  subcutaneous  tissue  and  skin  are 
brotight  around  the  cannula  and  sutured  to  complete  the  surgical  procedure.  The 
cannula  is  then  capped  with  a  locking  obturator  seen  in  Fig.  IB. 

The  obturator  is  a  stainless  steel  rod  (.042  in)  that  is  silver  soldered 
into  a  closed-end  male  leurlok  adapter.  The  opposite  end  of  the  obturator  is 
rounded  and  fits  flush  with  the  angular  foot  of  the  cannula  when  fully  inserted. 
The  primary  use  of  the  obturator  is  to  protect  the  cannula  from  airborne 
contaminants,  and  to  clean  the  tube  of  percutaneous  matter  that  may  act  to  plug 
the  base  of  the  cannula  when  the  cistern  pxmcture  needle  is  extracted. 


DIPLANTATION  OF  VENTRICULAR  GUIDE  TUBE:  The  lateral  ventricular  cannula 
(Fig.  2A)  is  introduced  through  a  hole  trephined  in  the  parietal  bone.  It  is 
then  supported  with  stereo-taxic  equipment  while  the  dental  acrylic  cement  is 
applied  similarly  to  the  procedure  for  installing  the  cisternal  cannula.  The 
coordinates  and  surgical  procedures  for  ventricular  catheterization  have  been 
described  earlier  by  Pappenheimer  et  al.  (1).  The  cannula  design  is  similar  to 
the  cisternal  cannula  with  circumferential  grooves  and  a  flat  surface  on  one 
side  to  prohibit  rotation  and  longitudinal  movements.  The  long  narrow  tip  is 
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specially  designed  to  puncture  the  tissue  nass  covering  the  dura. 

During  actual  reseairch  procedures  artificial  CSF  is  profused  through  the 
ventriculsu:  cannula  while  native  CSF  is  collected  from  the  cisternal  cauinula. 
The  cannula  is  then  capped  with  a  locking  obtxirator  seen  in  Fig.  2B. 

SPINAL  NEEDLB  ADAPTER:  Prior  to  the  cistern  puncture,  the  animal  is  placed 
in  a  stanchion  designed  to  restrict  head  movement  (7) .  A  blunt  stainless  steel 
measuring  rod  (similar  to  the  obturator)  is  inserted  through  the  cannula  until 
it  touches  the  dura,  the  rod  is  subsequently  marked  with  a  depth  indicator 
(sterile  hemostat)  at  the  top  of  the  nylon  guide  tube.  The  rod  is  removed  and 
measured  for  puncture  depth  using  the  scale  of  millimeters  (mm)  on  a  machinist’s 
rule.  The  assembled  spinal  needle  adapter  is  then  fitted  to  the  top  of  a  19 
gauge  spinal  needle  (Fig.  5)  with  the  split-collar  coiirse  adjustment  (Fig. 3) 
unit  toward  the  back  end.  With  the  fine  adjustment  luer  extension  (fig. 4) 
threaded  fully  inward,  the  adapter  is  positioned  6-8  mm  above  the  depth 
indicator  line  and  secured  to  the  needle  using  the  coarse  adjustment  screw. 
Next,  the  luer-slip  fine  adjustment  is  unthreaded  down  the  needle  shaft  to 
within  1  mm  of  the  indicator  line  to  compensate  for  the  dura  thickness.  The 
needle  is  then  inserted  into  the  guide  tube  and  the  dura  is  punctured  using  a 
quick  gentle  motion.  If  the  puncture  is  unsuccessful,  the  needle  depth  is 
increased  by  simply  threawling  in  clockwise  the  fine  adjust  luer-slip  an 
additional  0.5  -  1  mm  and  repeating  the  procedure.  Pressure  is  placed  on  each 
side  of  the  neck  to  occlude  the  external  jugular  veins  and  increase  CSF  pressure 
during  puncture.  The  needle  adapter  allows  a  single  needle  length  change 
adjustment  as  opposed  to  the  former  practice  of  using  multiple  needles  each  of 
different  lengths.  The  adapter  also  assures  an  accurate  puncture  depth 


preventing  accidental  damage  to  surrounding  tissues.  The  adjustable  length  of 
the  spinal  needle  adaptor  is  38  mm  when  the  fine  adjust  luer-slip  is  threaded  in 
fully  and  44  mm  when  extended.  Adjustable  spinal  needle  adaptors  are  used  with 


both  cannula  for  tapping  their  respective  fluid  departments.  The  same 
techniques  and  procedures  employed  for  puncturing  the  dura  through  the  cisternal 
guide  tube  are  used  to  puncture  the  dura  through  the  ventricular  guide  tube  as 
described  above. 


DISCUSSION 


The  operative  procedures  and  techniques  of  perfusion  and  CSF  sampling  have 
been  developed  over  many  years  by  Pappenheimer  and  others  (1-6) .  This  report 
describes  a  new  apparatus  designed  to  improve  ctinnula  implantation  and  dura 
puncturing  procedures.  The  new  instrumentation  provides  a  complete  system,  that 
permits  laboratory  machine  shop  reproductions.  Such  apparati  have  been 
successfully  used  for  perfusion  ana  CSF  sampling  over  a  period  of  years  and  the 
animals  remained  in  good  health  during  repeated  studies. 
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Cisternal  Guide  Tube  and  Locking  Obturator 
with  Dimensional  Data 


An  Intact  View  of  the  Cisternal  Cannula 


Ventricular  Guide  Tube  and  Locking  Obturator 
with  Dimensional  Data 


An  Intact  View  of  the  Ventricular  Cannula 


Fine  Adjustment  Leur  Extension  with  Dimensional 

Data 


Split-Collar  Course  Adjustment  with  Locking 
Assembly  and  Dimensional  Data 


Exploded  View  of  the  Spinal  Needle  Adapter 
with  Relation  to  the  Assembled  Unit 
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